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Atherosclerotic lesions in the common carotid artery are one of the most frequent causes of ischemic stroke. They are usually
diagnosed by cardiologists and are managed following complementary examinations. In dental practice, panoramic radiograph
is a basic examination frequently performed in first line. On this radiography, possible unilateral or bilateral opacities
projecting to the latero-cervical regions can be visualized, raising suspicion of carotid calcifications. The aim of this study was
to present, through three cases and a review of the literature, the benefit of PR in the diagnosis of carotid calcifications and the
approaches to be followed in case of such suspicious images. This would contribute, in some cases, to an early diagnosis and

management, thus avoiding the evolution towards cerebral vascular accidents.

1. Introduction

Atherosclerosis is a multifactorial chronic inflammatory disease. It
is characterized by the presence of atheromatous plaques that may
be calcified and by the thickening and loss of elasticity of the arte-
rial wall [1]. The first consequence of atheromatous plaque forma-
tion is arterial caliber narrowing and carotid stenosis. The latter
evolves latently but can eventually lead to stroke, which is the third
leading cause of death in most countries [1].

Any method of diagnosis allowing early detection of this
pathology is of great benefit for the patient as it leads to its
early management, thus preventing its evolution towards
possible complications.

Panoramic radiography (PR) is a common imaging tech-
nique used for diagnostic and treatment purposes in dental
practice [2]. In addition to exploring the dento-maxilla, it
allows visualization of the lateral cervical regions, which
may be the site of calcifications, particularly carotid ones.

Friedlander and Lande published for the first time the
possibility of identifying atheromatous calcifications in the
carotid artery on PRs as part of routine dental diagnosis [3,
4]. Early diagnosis leads to an adapted management, thus
preventing possible complications that may affect the
patients’ quality of life or even put at risk the vital prognosis.

The aim of this study was to highlight the benefit of PR in
the detection of carotid artery calcifications (CACs) through
three cases, discovered incidentally during routine radiologi-
cal examination, and the approach to be followed by dental
practitioners when faced with such possible suspicious
images. This would contribute to early diagnosis and manage-
ment of CACs, thus preventing its evolution towards strokes.

2. Cases Presentation

2.1. Clinical Case 1. A 74-year-old female patient with
diabetes and hypertension, receiving oral antidiabetic and
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FIGURE 1: (a) Panoramic radiograph: bilateral irregular radio-opaque images in the carotid areas, behind the mandibular angle, at the same
level as the third cervical vertebra (C3; green circle). (b) Panoramic radiograph in anterior translation position, allowing better visibility of

the latero-cervical opacities.

antihypertensive medication, presented to her dentist for tem-
poromandibular joint (TMJ) pain.

First intention PR was performed and it fortuitously
revealed bilateral calcifications in the third cervical vertebra
(C3), behind the mandibular angle and adjacent to the hyoid
bone (Figure 1(a)).

To allows better visualization of the cervical spine and
lateral regions, and consequently better visibility of the sus-
pected calcifications, a second PR in the anterior translation
position of the arches was performed (Figure 1(b)).

To explore TMJ and to clarify the location and nature of
these calcifications, computed tomography (CT) scan was
performed. This examination revealed bilateral hyperdense
images located in the periphery of the carotid arteries,
extending vertically for approximately 5 mm, and presenting
different shapes depending on the plane and level of the sec-
tion (Figures 2(a), 2(b), 2(c), 2(d), 2(e), and 2(f)).

2.1.1. Axial Sections. Figures 2(a) and 2(b) revealed bilateral
homogeneous, globular calcifications in the right carotid
artery and “C”-shaped curvilinear calcifications in the left

carotid artery. These calcifications were located in the soft
tissues posterolateral to the pharyngeal area.

2.1.2. Coronal Sections. Figures 2(c) and 2(d) revealed bilat-
eral calcifications with linear and/or globular appearance,
located laterally to the third cervical vertebra (C3).

2.1.3. Sagittal Sections. Figures 2(e) and 2(f) revealed coa-
lescing globular calcifications, located in the soft tissue ante-
rior to the anterior tubercles of the transverse processes of
the third cervical vertebra (C3).

Based on imaging data (PR and CT), diagnosis of bilat-
eral calcification of the common carotid artery was strongly
suspected.

The patient was lost to follow-up, and further evaluation
of the severity of carotid calcifications was not possible.

2.2. Clinical Case 2. A 70-year-old female patient, hyperten-
sive and well-followed by her cardiologist, consulted her
dentist for implant-supported prosthetic rehabilitation.
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FiGure 2: Continued.
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FIGURE 2: (a) and (b) Axial narrow window CT sections without injection of contrast medium through the third cervical vertebra, revealing
hyperdensities peripheral to the carotid artery, located posterolateral to the pharyngeal area, having different shapes: curvilinear “C” shape
(a) and globular homogeneous (b). (c) and (d) Coronal CT sections in narrow window without injection of contrast medium through the
third cervical vertebra, revealing hyperdensities located laterally to the third cervical vertebra with globular appearance. (e) and (f) Sagittal
reconstructions through the cervical hyperdensities, revealing globular calcifications in front of the anterior tubercles of the cervical

vertebrae.

A pre-implant radiological assessment, including PR and
cone-beam computed tomography (CBCT) examination was
performed.

During the analysis of the radiological assessment, and
by carefully reading PR at the level of the right latero-
cervical region, multiple coalescing, heterogeneous, radi-
opaque images of calcific tone with irregular boundaries,
projecting at the level of the prevertebral soft tissues,
between the second and third cervical vertebrae (C2 and
C3), posterior to the mandibular angle, adjacent to the hyoid
bone, and extending vertically for approximately 16 mm
were detected (Figure 3(a)).

CBCT allowed for more precise verification of the loca-
tion and nature of the calcifications visualized on PR.

Figure 3(b) revealed multiple homogeneous, curvilinear
calcifications, coalescing into a large “C.” These calcifications
were located in the soft tissue posterolateral to the pharyn-
geal area.

Figure 3(c) revealed vertical and oblique calcifications
having the appearance of coalescing globules. These calcifi-
cations were located in the soft tissue facing the anterior
tubercles of the cervical vertebrae.

Figure 3(d) revealed multiple calcifications with linear
and/or linear-globular aspect. These calcifications were
located laterally in the soft tissue.

Based on these imaging data (PR and CBCT), diagno-
sis of a possible calcification of the right carotid artery
was made. The patient was referred to her cardiologist
who completed the already performed radiological

assessment with a cervico-encephalic Doppler ultra-
sound (CEDU; Figure 3(e)).

CEDU revealed an atheromatous-calcific infiltration of
the internal carotid arteries mainly at the level of the bulbs,
particularly an extended right carotid bulb plaque at the ori-
gin of the internal carotid artery of 14 mm in long axis and
of maximum thickness of 6 mm, with a heterogeneous
echo-structure, a seat of calcifications with irregular internal
contours responsible for a reduction in arterial surface area,
having an acceleration of circulatory velocities reaching
150 cm/s downstream.

Cardiac ultrasound was also included in physical exami-
nation. It revealed non-obstructive left ventricular hypertro-
phy, with maintenance of excellent left ventricular systolic
function.

After completion of the cardiological examination, ste-
nosis was assessed as non-obstructive. Medical treatment
and regular check-ups were indicated for this patient.

3. Clinical Case 3

A 79-year-old patient, declaring to have no particular his-
tory, complained of transient loss of consciousness during
lateral head rotation, radiating neck pain, and limited lateral
movements during prosthetic rehabilitation sessions.

First-line PR was performed and it fortuitously revealed
the presence of bilateral stylohyoid ligament calcifications
(Figure 4).

The preliminary diagnosis was Eagle’s syndrome.
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FiGure 3: Continued.
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FiGure 3: Continued.
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FIGURE 3: (a) Panoramic radiograph revealing unilateral irregular radiopaque masses behind the right mandibular angle between C2 and C3
(green circle). (b) Cone beam axial section revealing homogeneous linear and curvilinear calcifications, located posterolateral to the
pharyngeal area. (c) Cone beam sagittal section revealing calcifications with a coalescent globular appearance, anterior to the anterior
tubercles of the cervical vertebrae. (d) Cone beam coronal section revealing calcifications with a linear, linear-globular appearance,
located laterally in the soft tissue. (e) Cervico-encephalic Doppler ultrasound.

FIGURE 4: Panoramic radiograph revealing bilateral calcification of the stylohyoid ligaments (arrows).

Cervicofacial CT scan was performed and it showed left A careful rereading of PR (Figure 6) revealed radioopa-
carotid calcifications in addition to bilateral calcifications of  city of calcific tone, with irregular boundaries, projecting to
the stylohyoid ligaments (Figures 5(a), 5(b), 5(c), 5(d), 5(e), the pre-vertebral soft tissues, opposite to the fifth cervical
and 5(f)). vertebra (C5), behind the mandibular angle and adjacent
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F1GURE 5: (a) Cervicofacial CT: 3D reconstruction in posterior view revealing bilateral calcification of the stylohyoid ligaments (right side:
blue arrows and left side: green arrows). (b) and (c) Cervicofacial CT: sagittal reconstruction—ossified aspect of the stylohyoid ligaments
[right (b) and left (c)] giving the appearance of a long styloid process (arrows). (d) Axial section revealing calcification of roughly
rounded appearance with irregular contour, located posterolaterally to the pharyngeal area. (e) Sagittal reconstruction revealing
calcification at the level of the left carotid bulb, having an appearance of coalescing globules in front of the anterior tubercles of the fifth
cervical vertebra (C5). (f) Coronal reconstruction revealing calcification of the common carotid artery with a linear-globular appearance.

to the hyoid bone, located at the level of the left latero-
cervical region.

The patient’s extensive history revealed that he had
hypercholesterolemia, and he had been diagnosed with acute
coronary syndrome ST (-) with an electrically positive stress
test in 2012, leaving heart failure as a sequela.

The patient reported that he had stopped taking his
medication 8 years earlier.

Based on these clinical data, he was referred to his cardi-
ologist, and the radiological assessment was completed with
CEDU (Figure 7). The latter confirmed the presence of
atheromatous-calcific plaques at the level of the extended left
carotid bulb at the origin of the internal carotid artery,
responsible for a stenosis of 40% in diameter.

4. Discussion

Stroke is a major public health problem, representing the
third leading cause of death in industrialized countries after
heart disease and cancer. It is also the most frequent cause of
acquired disability in adulthood [1, 5].

Each year, in Tunisia, approximately 192 out of 100,000
inhabitants have a cerebrovascular accident. Among these
strokes, 79.5% are of ischemic origin, and 20.5% are of hem-
orrhagic origin [6].

Ischemic lesions may have several etiologies, with carotid
atherosclerosis being one of them.

Friedlander and Friedlander defined the apex of the
common carotid bifurcation and the posterior wall of
the proximal portion of the internal carotid artery as
the regions most frequently affected by atheromatous
lesions [7].They used the term carotid artery territory
(CAT) to determine the region of projection of the com-
mon carotid artery on the images. It is limited anteriorly by
the ascending branch of the mandible and the mandibular
angle, and posteriorly by the bodies of the second, third,
and fourth cervical vertebrae (C2-C3-C4) [7]. They also
described the lower border of the body of the third cervical
vertebra (C3), which is located 1.5-4cm below and behind
the mandibular angle, as another typical projection area. On
PR, calcifications are indeed located along this vertical vascu-
lar pathway [7].

Radiologically, calcified atheromatous plaques are pre-
sented as circular, irregular or heterogeneous, and unilateral
or bilateral radio-opacities. These plaques have different
shapes. They may have a predominantly circular appearance
when they are small; however, large atheromas have a linear
or thin rectangular appearance [8].

The usual location of these calcifications is inferiorly and
posteriorly to the angle of the mandible [9], opposite, above,
or just below the intervertebral space between the third and
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FIGURE 6: A cropped and magnified image of Figure 4. Panoramic
radiograph on the left side, revealed radiopacity of calcific tone
(red circle), projecting to the pre-vertebral soft tissues, opposite to
the fifth cervical vertebra (C5).

the fourth cervical vertebrae (C3 and C4) [10], and close to
the hyoid bone [9].

In the first clinical case, these calcifications had the
aspect of globular radio-opaque images, bilateral, overlying
the prevertebral soft tissues, and located at the same level
as the third cervical vertebra (C3) behind the mandibular
angle and adjacent to the hyoid bone.

In the second case, these calcifications had the appear-
ance of multiple irregular, linear, rectangular, and unilateral
radiopaque images. These radio-opacities were overlying the
prevertebral soft tissues and located between the second and
the third cervical vertebrae (C2 and C3) behind the mandib-
ular angle and adjacent to the hyoid bone.

In the third case, the calcifications had the aspect of a
roughly rounded and ill-defined radiopacity, overlying the
prevertebral soft tissue, and located at the same level as the
fifth cervical vertebra (C5).

To establish diagnosis, it is important to differentiate
carotid calcifications from other radio-opacities. These
radiopacities may be anatomic or pathologic.

The adjacent anatomical structures that may be overlap-
ping in the carotid area on PR include the hyoid bone, calcifi-
cation of the triticeal cartilage, the superior horn of the thyroid
cartilage, the stylohyoid ligament, and the epiglottis [11-14].

The main pathological calcifications of adjacent soft
structures that can also be confused with CAC are the
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calcifications of the palatine tonsils, phleboliths, lithiasis
of the main salivary glands, rhinoliths, and the calcifica-
tions of the cervical lymph nodes [11-14].

Therefore, correct identification of CACs on PR is not an
easy task, especially in the context of an asymptomatic
patient undergoing oral exploration.

The reliability of PR in detecting CAC is still a contro-
versial topic. It is confirmed by the study of diagnostic
agreement between PR and CEDU. The latter is considered
the “gold standard” in the diagnosis of stenosis [15, 16], but
its use to screen a large asymptomatic population for early
diagnosis is not cost-effective due to its high cost [11, 16, 17].

Several authors have investigated agreement between PR
and CEDU, and they determined the level of agreement by
calculating Cohen’s kappa coefficient (k). [11, 18-24]. Khos-
ropanah et al. classified it as x < 0.4is poor; k=0.4 - 0.751s
fair to good; and x > 0.75 is very good to excellent [18].

The agreement values reported in the literature are var-
ied. Some authors consider PR to have good (70%) to excel-
lent (80%) accuracy [11, 19-24] and to have high level of
agreement with CEDU [11, 19]. The largest agreement value
in the literature is described by Khambete et al. The x value
calculated in this study was found to be equal to 0.8. Statis-
tically, this value is interpreted as “almost perfect agree-
ment” [25]. Other authors have reported moderate level of
agreement with « value of 0.61 [26]. However, others have
suggested that PR has poor agreement with CEDU and
reported x values in the range of 0.488 [10] and 0.27 [18],
and thus reported that PR has a significant limitation in
the detection of CAC [5, 9].

The reliability of PR is characterized by its sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV; see Appendix).

In the literature, the sensitivity of PR varies between
31.1% and 100% [5, 11, 19, 26-30].

Low sensitivity and the large number of false negatives
may be the repercussion of several elements, such as the
superposition of carotid calcifications on the surrounding
anatomical elements [5], a small size with a low degree of
calcification [30], the variability in the location of the bifur-
cation of the common carotid artery that can project outside
the field of PR exploration, and the errors in patients’ posi-
tioning during X-ray exposure [30].

Some authors report a significant amount of relative sub-
jectivity in reading PRs, thus training PR examiners signifi-
cantly improves the sensitivity of the test [21].

Similarly, the specificity of PR is variable from one study
to another [9, 30].

The large variation in results reflects the difference in the
study protocols chosen by different authors. Indeed, when
the baseline radiological examination (CEDU) is performed
before PR or examined retrospectively [5, 18, 31], the sensi-
tivity of PR is low (22.2-66.6%), whereas its specificity
remains high (48-90%). This is probably because the studies
were not limited to the lesions located in the exploration
field of PR. CEDU has a wider field of exploration than that
of PR, thus increasing the number of false negatives.

However, if the vascular examination is performed fol-
lowing a fortuitous discovery of a radiopacity in the carotid
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FIGURE 7: Cervico-encephalic Doppler ultrasound.

area visible on PR, as described in the studies of Bastos and
Abreu and Ertas and Sisman, the sensitivity of PR for this
indication is significantly improved [17, 19].

Yet, the clinical significance of incidental calcification in
the carotid area on PR is uncertain, especially in the context
of an asymptomatic patient. Therefore, it is important to ask
the following question: Does this incidental calcification vis-
ible on PR require further evaluation?

Constantine et al. reported that carotid calcification vis-
ible on PR has 15% probability of reflecting clinically signif-
icant stenoses (=50%) on CEDU [32].

Almog et al. demonstrated that 50% of patients having
CAC on their PRs have carotid artery stenosis greater than
50%, and when PRs do not show calcification, the percent-
age of stenosis is about 21% [33].

According to Johansson et al., 7-23% of incidentally dis-
covered CACs on PRs reflect significant stenosis of the
carotid artery, which is strongly associated with a risk of
stroke and myocardial infarction [34].

A more thorough clinical evaluation is therefore
required, and dentists should carefully examine CAT on
routine PRs, especially in elderly patients with risk factors,
such as hypertension, diabetes mellitus, obesity, hyperlipid-
emia, and smoking [12, 20, 35]. Early detection could pre-
vent cerebral vascular accidents and improve patients’ vital

prognosis. Indeed, Cohen et al. reported that 32.4% of
patients with CAC diagnosed by PR were victims of cerebral
vascular accidents (myocardial infarction, stroke, transient
ischemic attack, and angina) [12].

These results are consistent with those reported by
Bengtsson et al., demonstrating that patients, aged 60-96
years, with calcified carotid plaque detectable by PR are
more susceptible to stroke and/or ischemic heart disease [36].

The data presented in this work confirm that PR is not as
useful as CEDU and CT for confirming or follow-up CACs.
It cannot therefore be considered as a routine screening tool
for patients with carotid atheromatous lesions, whatever is
the degree of stenosis, due to the interpretation variability
between different dentists, the anatomic variability, the
patients’ positioning, and the apparatus settings. However,
this non-invasive method, which is more accessible com-
pared with other imaging techniques, has great potential
for early detection of CAC in patients with or without asso-
ciated risk factors.

MacDonald et al. proposed a therapeutic approach to be
followed by dentists when faced with such possible suspi-
cious images [37]. This approach is guided by the patient’s
general condition and medical history. Thus, detection of
CAC by the dentist leads to two different therapeutic
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approaches. Detection of a radiopacity compatible with CAC
in an asymptomatic patient with no medical or surgical his-
tory, especially if the patient is young should prompt the
dental practitioner to demand additional examinations in
order to search for a general disease, such as diabetes melli-
tus, and/or to refer the patient to the appropriate physician.
For patients with known and monitored cardiovascular risk
factors, the approach is different. Dental practitioners should
contact the patient’s treating physician to determine whether
or not the patient should be referred.

Thus, incidental detection of carotid calcifications on PR
can potentially increase the length and quality of life, espe-
cially in patients with symptomatic carotid stenosis, through
early management. Therefore, dentists need to pay more
attention to the latero-cervical areas, much overlooked on
PR.

To conclude, management of carotid stenosis is multi-
disciplinary, involving the dentist, the patient’s treating phy-
sician, the radiologist, the cardiologist, and the vascular
surgeon. The dentist is one of the key elements in this chain.
Sometimes, he intervenes in the first line by initially detect-
ing carotid calcifications on PR and thus contributing to an
early diagnosis and management avoiding the evolution
towards strokes. Thus, this radiological examination has
great potential for early detection of CAC in patients with
or without associated risk factors and serves as a support
for the usual techniques of carotid calcification screening.

Appendix
Evaluation Criteria for Diagnostic Tests

Positive Predictive Value (PPV). It determines the ability of
the panoramic X-ray to confirm, when positive, the presence
of CAC. It indicates the probability of the disease occurrence
when the test result is positive.

Negative Predictive Value (NPV). It determines the capacity
of panoramic X-ray to confirm, when negative, the presence
of CAC. It indicates the probability that the disease is absent
when the test result is negative.

Sensitivity. It is the probability of detecting radiopacity in the
carotid area, compatible with calcification of the carotid
artery on panoramic X-ray when it exists on the reference
examination.

Specificity. It is the probability of not detecting radiopacity in

the carotid area when it does not exist on the reference
examination.
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Data supporting this case report are available from the cor-
responding author or first author on reasonable request.
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